To: Recent Dry Mill Ethanol Pathway Applicants

From: Staff
Date: January 08, 2014
Subject: ARB staff comments on recent dry mill ethanol LCFS pathway applications

involving multiple distillers grains dryness levels
Feedstock and Fuel: Corn or sorghum grain and ethanol

Memorandum

Dear Applicant:

You are receiving this because you currently have a dry mill ethanol-process LCFS
pathway application before staff for consideration. That application contains two or
more separate pathways based on distillers grains with solubles (DGS) dryness levels.
Applicants have used different methods to estimate drying energy differences across
DGS-dryness-based pathways, and to calculate pathway Cls based on those
differences. Staff has reviewed these varying approaches. Because drying systems
and processing parameters can vary widely from one plant to the next, we cannot
prescribe a single approach that all applicants must use. Applicants will therefore have
to propose a specific approach that best reflects conditions in their plants.

Some applicants have set the drying energy equal to the CA-GREET default drying
energy value while others have used dryer capacity ratings. Staff finds that these
values are not always warranted. Before the CA-GREET default drying energy of 9,900
Btu/gal (lower heating value basis®) can be considered a reasonable approximation,
specific process conditions should be determined. Below is an example of potential
process conditions that may result in 9,900 Btu/gal being used to account for dryer
energy use if sensible heat effects are ignored® and 91%? efficiency is accurate.

e The wet cake must contain approximately 65 percent water
e The syrup (solubles) must contain approximately 65 percent water
e The dry DGS must contain approximately 10 percent water

! Throughout this memorandum the energy required to dry the DGS is assumed to be on a lower heating
value basis due to most plants supplying thermal energy by combustion, and the latent heat of
vaporization of water produced during the combustion process is not being utilized. 9,900 Btu/gal
requires approximately 11,133 Btu/gal of natural gas at minimum.

% Note that sensible heat effects and non-linear drying kinetics (for varying DGS dryness levels) are likely
and must be considered in a full drying energy analysis. Plant-specific empirical data that is updated over
time is the most accurate method for determining the energy required to dry DGS to an average or
specific dryness level.

® This efficiency is required if 9,900 Btu/gal is the dryer energy required based upon the stated
parameters. The mass of DGS produced in this calculation is based upon CA GREET 1.8 B DGS bone-
dry yield of 5.34 Ib/gal and 2.72 gal/bu ethanol yield (a parameter used to determine the DGS yield).
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e The drying process must be approximately 91 percent efficient

If these or other related conditions are not achieved on average, the 9,900 Btu/gal value
is not an accurate estimate of actual drying energy. If actual drying energy is less than
9,900 Btu/gal, use of this value will produce an overestimate of the energy savings
associated with the 100 percent wet and 100 percent modified DGS pathways. Dryer
capacity ratings are likely to produce similar overestimates because dryers are not
always run at full capacity.

For the following reasons, 9,900 Btu/gal or dryer capacity ratings that are greater than
9,900 Btu/gal may be an overestimate of actual drying energy:

1. The CA GREET 1.8b default dryer energy use value of 9,900 Btu/gal was based
upon information provided by a consultant to the ARB for the purpose of
converting the Argonne GREET model to a California-specific version [1]. The
information the consultant provided was based on a source that reported a 1998
average dry mill plant thermal energy consumption of 36,000 Btu/gal, of which
27.5 percent of that energy, according to this source, was used for drying DGS
[2]. Although the 9,900 Btu/gal figure does not appear in this source, 27.5
percent of 36,000 is 9,900 Btu/gal. The total thermal energy used by many
ethanol plants has decreased since 1998 [3, 4, 5]. Some decreases in individual
plant thermal energy use may be due to reduced DGS dryer energy
consumption.

2. Dryer energy use can be reduced by improved dryer efficiency or by simply
drying DGS to a higher moisture content. One reference suggests that rotary
dryers are usually controlled to provide a product in the range of 10-13 percent®
moisture content [6]. Moisture contents greater than 13 percent may be
permissible in some feed markets without causing microbial spoilage or poor
flowability caused by particle-to-particle interactions. Another way dryer energy
use may be reduced is by reducing the water content of the wet cake or
condensed distillers solubles (syrup). Dale and Tyner state that the solids
concentration of thin stillage, after passing through multiple effect evaporators
and becoming condensed distillers solubles (syrup), can be between 30-60
percent solids [2].

3. The efficiency of decanter centrifuges can be improved through enzymatic
dewatering of the whole stillage [7, 8]. There may be other process
improvements that allow for greater solids separation in existing or future
centrifuge design. A study in a peer reviewed publication reported running tests
on wet distillers grains with moisture contents between 53-54 percent (wet basis),
which is an11-12 percent lower water content than what is assumed in the
default dryer energy of 9,900 Btu/gal [13]. The study that reported the lower
water content wet distillers grains was investigating the physical and chemical
properties of wet grains obtained from an upper Midwest ethanol plant that was
using yellow dent corn.

* Staff notes that the energy required to remove the water as the drying progresses beyond any free
water remaining (approximately 50% water) is likely non-linear in energy consumption.
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4. Distillers grains and solubles material properties have been of interest to ethanol
producers and to the animal feed market for many years. Many studies have
likely been conducted to better understand and improve the flowability of distillers
grains and solubles. Some studies have been published in peer-reviewed
journals. Other studies are likely trade-secret process optimization benefits to
individual dry mill ethanol plants or companies. Some of the publicly available
studies have investigated flowability of DGS under various solubles
concentrations, drying temperatures, and the comparative differences associated
with reduced fat DGS [14, 15, 16]. The process efficiency of dry mill ethanol
plants is improving [5]. Certainly, the mentioned public papers combined with
trade secret information have likely improved the evaporator and dryer
operations, and DGS quality. These studies and obvious approaches to
optimizing processing requires staff to more closely investigate default values or
use of capacity ratings for estimating 100 percent wet or modified DGS co-
produced ethanol.

5. According to a memorandum provided by GreenShift Corporation to the ARB,
“COES I reduces the energy use in the ethanol plant dryers by about 3,700
Btu/ethanol gallon...” [9]. The memorandum GreenShift provided is included in
the appendix of the, “California Modified GREET Pathway for the Production of
Biodiesel from Corn Oil at Dry Mill Ethanol Plants” and references the material
being presented to the US EPA at the Public Hearing on the federal Renewable
Fuel Standard Program (“RFS2”) held in Washington DC on June 9, 2009
[9,17,18]. In 2007, GreenShift Corporation’s Chairman and CEO Kevin Kreisler
was guoted as saying, “A 100 MMgy ethanol facility will save about $1 million per
year in dryer costs.” . . . “and ethanol plants that participate in extraction and host
co-located biodiesel production will receive more than $8 million per year (for a
100 MMgy ethanol producer) in additional earnings for no investment” [10]. A
presentation obtained from GreenShift Corporation’s website states that using
method 1 or method 2 corn oil extraction systems can save approximately 3,500
Btu/gal or 5,500 Btu/gal of ethanol produced, respectively [11]. GreenShift's
current website states, “GreenShift designed its technologies to extract oil in a
way that decreases the ethanol facility’s utility costs” and also has a more
informal statement at the top of the webpage, “11% less energy in (input) per
gallon of ethanol produced and 29% less greenhouse gas emissions” [12].

6. There are many possible energy and yield improvements for dry mill ethanol
plants. Some of these current and future improvements have been reviewed in
the publication, “2012 Corn Ethanol: Emerging Plant Energy and Environmental
Technologies” [5]. These technology improvements make it necessary for staff
to question energy use based upon equipment ratings or assumed default
calculations.

01-08-2014 Page 3 of 7



Conclusion

Given the significant plant-to-plant variation in ethanol and DGS operations, staff is not
in a position to prescribe specific approaches to determining drying energy, or
calculating dryness-based Cls. Based on the information presented in this memo,
however, we are asking that the DGS drying energy (thermal and electrical) value that
applicants use in their ClI calculations be based on plant-specific operational
information. We also ask that the information that was used to determine the drying
energy be described in detail in the life cycle analysis (LCA) report included in the
application.

The simplest and most straightforward operational information on which a drying energy
value can be based is validated and verifiable thermal and electrical energy
consumption data. This can come from meters or from a plant’s automated data-
logging system. If available plant energy consumption data can be used to definitively
establish the difference in thermal and electrical energy consumption between periods
when drying is and is not occurring, no further plant information would be necessary.

If validated and verifiable thermal energy consumption data sufficient to establish dryer
energy usage is not available, the applicant must propose an approach to estimating
dryer energy usage based on plant-specific information that is available. Although we
cannot prescribe one or more acceptable approaches, we ask that the approach the
applicant proposes take into consideration the factors discussed in this memorandum,
as well as any additional relevant factors not discussed in this memorandum. Ata
minimum, therefore, a dryness energy estimation approach must take into consideration

e initial wet cake water content,

e final DGS (or DG, if syrup is sold separately) water content,

e initial thin stillage (solubles) water content,

e final solubles (syrup) water content,

e mass of corn oil extracted,

e use of enhanced stillage dewatering (enzymatic or other) , and
e dryer efficiency’.

All data and information used to develop an approach to drying energy estimation must
be provided in the LCA report.

Applicants who conclude that the plant-specific data and information necessary to
determine drying energy is not readily available, may opt, instead, to apply for a single
Cl over all DGS dryness levels, so long as that Cl is based on a two-year energy
consumption record (or prospective data for new plants with prospective applications),

®The dryer efficiency must consider psychometrics if applicable and other factors specific to the dryer and
process
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and will allow the applicant to attest to the validity of the resultant Cl both for present
and foreseeable future plant operations®.

One condition that must be met for the drying energy value used is that it must allow the
plant’s annual mass and energy balances to approximately close (reconcile with actual
annual energy consumption data). Applicants must demonstrate in their LCA reports
that the mass and energy balances approximately close and explain any discrepancy
that prevents complete closure.

Once drying energy has been determined, use that value to calculate DGS-dryness-
based CIs. Those calculations must

e be done on a dry-matter basis, and

e properly account for extracted corn oil and syrup on a dry matter basis. Syrup
and corn oil must be allocated proportionally (on a dry-matter basis) to all DGS
dryness categories when Cls are calculated for the co-product credit.

When the Cls are certified, the plant must allocate ethanol gallons produced to DGS-
dryness categories after converting all DGS masses to a dry-matter basis.

Please contact the staff person responsible for your application if you have questions
regarding this memorandum. If you would like to speak with the manager of the Fuels
Evaluation Section, please contact Wes Ingram:

Email: wingram@arb.ca.gov
Office: 916-322-3984
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